Aedes aegypti (Diptera: Culicidae, Aedini) is the main urban vector for the human diseases yellow fever and dengue fever (Nasci & Miller 1996) . The vector control, mainly by insecticide application and elimination of oviposition sites, has been used as the best solution to decrease the diseases incidence. Explore new strategies for blocking the insect transmitted diseases such as dengue fever is urgent in Tropical countries (Sperança & Capurro 2007) . Microorganisms associated with the insect may have an important role for human infectious diseases epidemiology. Once a key role bacterium is discovered, it may be modified in order to affect the pathogen development and, consequently, the disease transmission (Azambuja et al. 2005 , Riehle & Jacobs-Lorena 2005 .
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The alimentary canal of the mosquito is composed by the foregut, midgut and hindgut. The foregut is involved primarily with ingestion, conduction and storage of food (Romoser 1996) . In the alimentary canal of the mosquito three diverticula arise near the posterior end of the esophagus: two from the dorso-lateral and one from the ventral wall of the gut, all surrounded by a thin impermeable cuticle. The ventral diverticulum (VD), or crop, is large and may extend into the abdomen (Dapples & Lea 1974) . Usually all three diverticula are filled with air bubbles and are used as food reservoirs (Thompson 1905 , Consoli & Lourenço-de-Oliveira 1994 . The sugar meal, such as floral nectar, is stored in the diverticula and passes slowly to the midgut, where it is digested (Thompson 1905) .
Microorganisms play important and often essential roles in the growth and development of many insect species. Despite the importance of these microbial associations with insects there are relatively few studies that elucidate their components and their roles in the interactions. Insects that rely on nutritionally poor diets tend to possess bacterial endosymbionts. Aphids, for example, which subsist solely on plant sap, harbor Buchnera spp., believed to provide amino acids and vitamins to their hosts (Douglas 1989) . Blood is known to be severely deficient in essential B vitamins and some amino acids. Bloodsucking arthropods such as ticks, lice, bedbugs, reduviid bugs, and tsetse flies usually harbor symbiotic microorganisms (Buchner 1965) . Symbiotic relationships have already been reported for blood feeding insects and some are very well established, as in the case of Rhodnius prolixus that maintains an association with the actinomycete bacteria Rhodococcus rhodnii (Dasch et al. 1984) ; and tsetse flies genus Glossina, which harbor three distinct symbiotic microorganisms: Wigglesworthia glossinidia, Sodalis glossinidius (commensal), and the parasitic microbe Wolbachia pipientis (Aksoy et al. 1997 , Chen et al. 1999 .
Many key questions about bacteria within the mosquito's midgut remain largely unanswered, and obligate bacteria have not been identified in mosquito's digestive canal to date. Some works have already reported the isolation of microorganisms from the midgut of Culex quinquefasciatus, Anopheles dirus, Anopheles albimanus, and Ae. aegypti , Khampang et al. 1999 , Luxananil et al. 2001 , Pidiyar et al. 2002 , Gonzalez-Ceron et al. 2003 . The microbiota of Anopheles gambiae and Anopheles funestus was also investigated by 16S rDNA sequence by Lindh et al. (2005) . The objective of this work was to investigate if Ae. aegypti VD harbored microorganisms.
MATERIALS AND METHODS
Mosquitoes -Insects were obtained from colonies of Ae. aegypti (Rockfeller strain), maintained in the insectary of the Laboratory of Biotechnology (UENF, Campos dos Goytacazes, Brazil). Mosquitoes were reared at 27°C and provided with sterile 10% sucrose. A glass container filled with sterile distilled water was kept inside each cage to maintain the humidity. Larvae were fed on a sterile minced commercial mouse food. Pupae were rinsed and transferred to sterile distilled water and maintained in separate cages in aseptic conditions until adult emergence. All mosquitoes were newly emerged non-fed females (no blood or sucrose feeding), and were dissected on the same day of emergence.
Isolation of microorganisms -In order to surface sterilize, mosquitoes were rinsed serially, for 1 min, in the following solutions: sodium hypochlorite (1%), sterile phosphate-buffered saline (PBS) (81 mM Na 2 HPO 4 , 19 mM NaH 2 PO 4 , 150 mM NaCl, pH 7.4) and ethanol (70%). Finally, the insects were rinsed three times in PBS/1 min. Aliquots of 100 µl from the last PBS washes were plated in brain heart infusion (BHI) agar as control groups of the surface sterilization process. The sterilizations and dissections were performed in a laminar flow hood. Mosquitoes were dissected under a microscope, in a double cavity glass slide containing sterile PBS. The VD was carefully separated from the midgut, rinsed in sterile PBS, and transferred into a 1.5 ml tube, containing 200 µl of BHI. This procedure was repeated until five crops were obtained. The tubes were mixed thoroughly with a pestle, and an aliquot of 100 µl was transferred to a 50 ml Erlenmeyer containing 20 ml of BHI medium and 100 µl glucose. An aliquot of 100 µl was also transferred to Petri dishes containing BHI agar. The Erlenmeyers were incubated at 28ºC for 24-48 h, under agitation (80 rpm). After incubation the cultures were serially diluted (10 -1 through 10 -7 ) and an aliquot of 100 µl of each one was transferred to Petri dishes containing BHI agar. Plates were incubated at 28ºC for 24-48 h. Bacterial isolates were maintained at -70 o C in a solution of glycerol (15%) for further identification. We carried out a total of seven isolation assays, from different groups of Ae. aegypti, at different times. At the end, a total of 35 crops were sampled.
Identification of microorganisms -Microorganisms were first screened based on colony characteristics, morphology of isolates, Gram staining and motility by the hanging drop technique.
DNA extraction from bacterial isolates and amplification of rDNA 16S -The DNA extraction was adapted from Ausubel et al. (1992) . The rDNA 16S was amplified using the following universal primers: 27f (Lane et al. 1985) and 1492r (Delong 1992) . Polymerase chain reaction (PCR) was performed with Ready-To-Go kit (Amersham Pharmacia Biotech), template DNA solution (2 µl/100 ηg), 27f primer (1 µl/6 ρmol), 1492r primer (1 µl/6 ρmol), 25 mM MgCl 2 (1.5 µl), and 17.5 µl of ultra pure water. Cycling parameters for the PCR included an initial denaturation step at 95 o C/5 min, followed by 35 cycles of a denaturation step at 95 o C/1 min, a primer annealing step at 50 o C/1 min, an extension step at 72 o C/ 3 min, and a final step at 72 o C/4 min. The 16S rDNA amplification generated a product of approximately 1500 bp.
Amplification of a section rDNA 28S -Yeast DNA was extracted and purified as described above. The divergent D1/D2 domain (nucleotides 63-642 for Saccharomyces cerevisiae) at the 5´end of the large-subunit rRNA gene was symmetrically amplified with primers NL1 and NL4 (O´Donnell 1993) . Each PCR was performed with the Ready-To-Go kit (Amersham Pharmacia Biotech) adding solution containing DNA (1 µl), NL-1 primer (1.6 µl/6 ρmol), NL-4 primer (1.1 µl/6 ρmol), 25mM MgCl 2 (1.5 µl), and 17.8 µl of ultra pure water.
DNA extraction from Ae. aegypti gut diverticulum -Ae. aegypti females were dissected and the VD were carefully separated from the midgut under aseptic conditions. The DNA extraction was performed with the Wizard  genomic DNA purification kit (Promega TM050).
Cloning -After purified, fragments were cloned using the Kit pGem-T Easy Vector Systems (Promega, USA) in Escherichia coli DH5α.
Sequencing reaction -The sequencing reaction was prepared as follows: Big Dye Terminator Kit (Applied Biosystems, Foster City, CA) (2 µl), "Save Money" buffer (200 mM Tris HCl, pH 9.0, 5 mM MgCl) (2 µl), forward T7 or reverse SP6 promoters (1 µl/5.0 ρmoles), DNA (2 µl /100 ηg) and ultra pure water (2 µl). PCR conditions were 96°C/10 min, 50°C/5 min, and 60°C/4 min, 40 cycles. The sequencing of the 16S rRNA gene from the bacterial clones was done using a 27f primer (5´-end; 500 nucleotide region) and from the yeast it was done using the NL1 primer. Sequencing was carried out on an ABI Prism 377 DNA sequencer (Applied Biosystems).
Sequences alignment -The sequences obtained were initially compared to the ones deposited at the GenBank, using BLAST (http://www.ncbi.nlm.nih.gov/BLAST). The generated sequences and their homologs, which were retrieved from the GenBank, were aligned using the CLUSTAL W 1.4 program (Thompson et al. 1994) . Phylogenetic trees were obtained by "neighbor-joining" (PAUP program, Swofford 2000) .
Light microscopy -Samples of the VD were fixed in 2.5% glutaraldehyde, 0.1 M sodium cacodylate, pH 7.2, for 12 h at room temperature. Tissues were dehydrated in acetone, embedded in Epon and sections of 0.6 µm were cut with a diamond knife. Samples were stained by toluidine blue and examined under a Zeiss light microscope.
Measurement of luminal gut pH -Gut pH was measured in vivo by allowing adult mosquitoes to ingest pH indicator dye dissolved in 10% sucrose solution, pH 6.5 (adjusted with 0.2 M NaOH) and observing the resulting color changes in their diverticulum. The indicator dye used was 0.5% bromocresol purple [transition interval: pH 6.8 (purple) to pH 5.2 (yellow)]. Mosquitoes were dissected immediately after ingestion of indicator and 12 and 24 h later in order to observe the color changing in VD content. As the pH of the initial solution was 6.5 (dark red), we would expect the color to change gradually to yellow at lower pH.
Medium acidification by Serratia sp. -A pH assay in test tubes and Petri dishes was also carried out in order to confirm that Serratia sp. isolated from Ae. aegypti VD had the ability to acidify the culture medium. Cultures of Serratia sp. were transferred to test tubes containing 2 ml of BHI with 2.0% glucose and 0.5% bromocresol purple (pH 6.5). Tubes were incubated at 28 o C and observed after 12 and 24 h to see the color changes. The same test was done in Petri dishes containing BHI agar with 2.0% glucose and 0.5% bromocresol purple (pH 6.5).
RESULTS
We successfully isolated microorganisms from all tested samples. In the preliminary analyses, we observed the existence of Gram-positive diplococci and Gram positive and Gram-negative rods in the VD lumen of Ae. aegypti. A diagrammatic drawing of the mosquito alimentary canal showing the position of the VD and midgut is seen in Fig. 1A . In Fig. 1B , microorganisms are observed within the lumen of the VD.
A total of 21 isolates of microorganisms were obtained from VD cultures from all the seven assays. The Gramnegative and Gram-positive rod-shape bacteria corresponded to nine isolates (42.8%) and five isolates (23.8%), respectively. The cocci corresponded to five isolates (23.8%), and yeasts to two isolates (9.5%). DNA extraction from isolates allowed us to identify Serratia sp., Bacillus sp., Bacillus subtilis and Pichia caribbica. We were also able to obtain nine yeast clones belonging to the Saccharomicetaceae family, and two were identified as P. caribbica. Four bacterial clones of the family Enterobacteriaceae identified as Serratia sp. were also obtained from the DNA extracted directly from the VD (Table) .
The 16S rDNA sequences obtained from bacterial isolates and also from the extraction of the VD, allowed us to identify Serratia sp. as the predominant bacteria in Ae. aegypti VD (6 out of 7 isolations). Gene sequence similarity studies are shown in Table. The sequences obtained in this work were deposited in GenBank database (accession numbers are shown in Table) .
The use of pH indicators allowed the direct and noninvasive measurement of the mosquito alimentary canal. The experiments revealed that the pH of the VD content decreased after 24 h of ingestion of the indicator. As seen in Fig. 2A -C, the VD content of the insect dissected right after feeding had a pH of 6.5 (dark red). The color of the VD content changed to bright red after 12 h and turned to yellow in 24 h (pH < 5.2).
The test tubes assays indicated that Serratia sp. isolated from Ae. aegypti VD had the ability to acidify the culture medium. After 24 h of incubation the pH changed from 6.5 (control tube) to 5.0 (Fig. 2E) . Serratia sp. growing on BHI agar also acidified the medium, as observed by the yellow spots surrounding bacterial streaks (Fig. 2D) . 
DISCUSSION
Some works have already reported the presence of bacteria in the midgut of mosquitoes , Luxananil et al. 2001 , Zayed & Bream 2004 ), but have not described any role for these microorganisms in the insect physiology. We have observed, under scanning electron microscopy, a dramatically high number of small rodlike bacteria embedded in the food bolus 48 h after blood ingestion (DS Gusmão 2006, unpublished observations). DeMaio et al. (1996) , Pumpuni et al. (1996) and Zayed and Bream (2004) also observed the increase in bacterial density in mosquito midgut after blood feeding. DeMaio et al. (1996) and Pumpuni et al. (1996) reported a frequent presence of Gram-negative rods belonging to Enterobacteriaceae in adults of Culex as well as Anopheles species. In laboratory-reared and wild-caught sandflies all predominant species identified by Dillon et al. (1996) belonged to Enterobacteriaceae. The genus Serratia has a wide host range and has been isolated from various insect groups (Krieg 1987) . Serratia sp. is member of the Enterobacteriaceae family (facultative anaerobic, Gram-negative, cytochrome oxidase negative and catalase positive). In general, Serratia marcescens is reported most frequently as a pathogen of insectary-reared insects (Krieg 1987 , Grimont & Grimont 1992 . S. marcescens was identified in intestinal tube of Lutzomyia longipalpis, and was more abundant in sandflies fed on blood and sugar than the ones fed only on blood (Oliveira et al. 2001) . Iverson et al. (1984) reported the presence of Serratia liquefaciens and S. marcescens in all sugar beet root maggot (Diptera: Oititidae) developmental stages, suggesting a symbiosis and a nutritional interdependence between these bacteria and the insect. Gonzalez-Ceron et al. (2003) studied the microorganisms present in the midguts of An. albimanus and identified several Serratia and Enterobacter species including S. marcescens, E. cloacae, and E. amnigenus. In Ae. triseriatus, Culex pipiens and Psorophora columbiae mosquitoes, S. marcescens was within the species most frequently isolated . S. marcescens with ability to lyse erythrocytes was also isolated from the gut larvae of the blood feeding insect R. prolixus (Azambuja et al. 2004) . Moll et al. (2001) describe an effective mechanism to eliminate gut microorganisms during mosquito metamorphosis and adult emergence. Bacteria found in recently emerged non-fed adults are present from the larval and pupal stage and, therefore, have some adaptations to overcome this mechanism.
According to Solé et al. (1997 Solé et al. ( , 2000 , the addition of glucose or other sugar to cell suspensions of S. marcescens resulted in the acidification of the medium. Their results suggest that the acidification of the medium could be due to the presence of organic acids resulting from bacterial metabolism. These results support our findings, indicating that the bacteria present in the VD may have a role in the sugar metabolism process. The acid pH we observed in Ae. aegypti VD may be a result of the sucrose oxidation by Serratia spp., as seen on the test tubes and Petri dishes assays (Fig. 2D, E) .
Recently, Favia et al. (2007) reported that the main bacteria species associated with adults and larvae of the mosquito Anopheles stephensi are from the genus Asaia, that is related to acetic acid bacteria. They found Asaia sp. in various An. stephensi organs and stages but did not specify if they found it associated with the VD. We suppose that Asaia may also be present in An. stephensi VD once adult mosquitoes, as hypothesized by the au- thors, could obtain these bacteria from the nectar of tropical flowers, which are Asaia's natural habitat. Therefore, Serratia and probably Asaia could be contributing to acidify the VD lumen when metabolizing its sugar content. There are no reports about the VD pH in Ae. aegypti to date. Gontijo et al. (1998) measured the pH in Lu. longipalpis esophageal diverticulum (crop) with bromocresol purple, the same indicator dye used in our study. They obtained a pH between 6.0 and 6.5, higher than our results.
Our findings may open new windows for understanding Aedes-bacteria interaction. As the VD has no direct connection with the midgut (Fig. 2B) , the presence of bacteria inside this compartment may imply in a more specific insect-microorganism interaction than previously described. Unlike other insects, Ae. aegypti may not have a special structure for harboring friendly bacteria. Thus, the VD would provide a good environment for these bacteria that would be protected from the direct flux of food (blood) in the gut. Bacteria would remain in small numbers in the VD and would be released to the gut when convenient. As Enterobacteriaceae have the ability to ferment sugar (Ewing 1986 ), we could also hypothesize that one possible role for Serratia sp. would be to metabolize the sugar contained in the diverticulum, as seen in our in vitro assays, releasing important molecules to adult physiology. Once Serratia sp. was found in 85% of our assays and the bacteria embedded in the food bolus also seemed to be Serratia, we could also hypothesize that there is a more complex bacterial interaction during the digestion process, than simply a fortuitous "passing through" the alimentary canal.
